Abstract. The local structure around iron impurity in anatase TiO 2 nano-composite with different iron content (1, 2, 5 and 10 wt %) has been studied by fluorescence XAFS. The results indicate that for the sample with low iron content (1 and 2 wt %), the iron ions are incorporated into the lattice of anatase, and substitute the Ti ions. With the iron content increasing to 5 wt %, only part of iron ions enter the lattice of anatase, and the rest form α-Fe 2 O 3 phase. As the iron content reaches 10 wt %, iron ions mainly exist in α-Fe 2 O 3 phase. It is found that, in the (1 wt %)Fe-doped TiO 2 the bond lengths of the first (Fe-O) and second (Fe-Ti) shells are R Fe-O =1.97 Å and R Fe-Ti =3.01 Å, respectively, which means that the R Fe-O is only slightly larger than the first shell Ti-O bond length by 0.01 Å, while the R Fe-Ti is significantly smaller (0.04 Å) than that of the corresponding Ti-Ti shell in anatase. These results imply that iron ions occupying the Ti sites greatly change the symmetry of the first Fe-O shell.
INTRODUCTION
Diluted magnetic semiconductors have received considerable attention because of combined magnetic and transport properties as well as their easy integration into existing semiconductor devices, which are desirable for spintronics applications [1] [2] . Electronic structure calculations indicate that alternative dopants such as Co, Fe and Mn may be ferromagnetic in TiO 2 [3] . Recently Wang et al. claimed that they have obtained a room temperature diluted magnetic semiconductors in Fe-doped rutile thin films prepared by plasma laser deposition [4] . Suryanrayanan et al. reported that Fe-doped anatase and rutile TiO 2 films on sapphire substrates prepared by the spin-on technique have a Curie temperature as high as 400 K [5] . However, the magnetic moments per Fe atom in these reports are far different from each other, ranging from 0.14 [6] via 0.46 [5] to 2.4 [4] μ B per Fe atoms. Paramagnetism was also reported in this system. Wang et al. reported that Fedoped nano-powders with iron content from 0 to 16.7 at%, synthesized using oxidative pyrolysis of liquidfeed metal organic precursors in radiation-frequency thermal plasma, are paramagnetic at room temperature [7] . Similar results were reported by Bally et al. [8] . Additionally, Kim et al. reported that the room temperature ferromagnetism of Fe-doped TiO 2 film with 7 at% Fe atoms grown by oxygenplasma-assisted molecular beam epitaxy is associated with the presence of Fe 3 O 4 [9] . To better understand the magnetic properties of Fe doped TiO 2 , we present a direct determination of the local structure around iron ions in anatase TiO 2 , using Fe-K edge EXAFS. The results show that Fe 3+ ions enter the anatase lattice and substitute Ti 4+ ions up to 2 wt% in nanopowder samples, and the presence of α-Fe 2 O 3 is apparent for samples with higher concentration.
EXPERIMENTAL
Fe-doped TiO 2 nano-powders, with iron contents 1, 2, 5 and 10 wt%, respectively, were prepared by sol-gel method. All powders were sintered in air at 923 K for 10 h [10] . X-ray absorption measurements of the Fe-doped TiO 2 nano-powders were performed at the 4W1B of Beijing Synchrotron Radiation Facility (BSRF). The storage ring was run at 2.2 GeV with a maximum current of 100 mA. Fixed-exit Si(111) flat double crystals were used as monochromator. XAFS spectra at the Fe K-edge of the samples with 1, 2, and 5 wt % iron content were collected with a fluorescence ionization chamber filled with Ar at room temperature, while the XAFS spectra of 10 wt% Fe-doped TiO 2 and the α-Fe 2 O 3 powder, and the Ti K-edge XAFS spectra of anatase powder were collected in transmission mode.
RESULTS AND DISCUSSION
The EXAFS functions k 3 χ(k) and their Fourier transforms (FT) for α-Fe 2 O 3 , anatase TiO 2 and Fedoped TiO 2 nano-composites are shown in Figs. 1 and 2, respectively. The FT was performed using a k region of 2.5-11.3 Å -1 and a Hanning window. Several strong oscillations appear in the high k region for the α-Fe 2 O 3 powder (Fig. 1) . Especially, the strong oscillation A at k=7.6 Å -1 in the k 3 χ(k) function of the α-Fe 2 O 3 powder is a characteristic of the trigonal structure, while it disappears for the distorted octahedron structure of anatase. For Fedoped TiO 2 composites, this peak gradually decreases in amplitude with reduced iron concentration. At the 1-wt% Fe concentration, peak A disappears, similar for that of the anatase powder. Though three strong peaks appear in the FT of both α-Fe 2 O 3 and anatase, the intensity and shape for these peaks are quite distinct from each other. The first peak in the FT of anatase is much higher than that of α-Fe 2 O 3 , while the second peak shows the opposite character. Moreover, the shape in higher R range is also quite different. These results show that the character of the FT can distinguish iron atoms existing in α-Fe 2 O 3 phase from those entering the anatase lattice. For Fe-doped TiO 2 with 10 wt% iron content, the FT is almost the same as that of α-Fe 2 O 3 . With reduced iron concentration, the intensity of the first peak increases slightly, while the intensity of the second peak decreases. The shape in the high R range also changes. With the Fe concentration reaching 1 wt%, the character of the FT is very similar to that of the anatase powder. From the similarity of the FTs, it is concluded that for the samples with low iron content (1 and 2 wt%), the iron ions are incorporated into the anatase lattice, and substitute the Ti ions. With the iron content increasing to 5 wt %, only part of iron ions enter the lattice of anatase, and the rest form α-Fe 2 O 3 phase. At 10 wt%, iron ions mainly exist in α-Fe 2 O 3 phase. To obtain the structure parameters of iron entering the anatase lattice, least-squares curve fits were performed using the UWXAFS3.0 code, based on the single-scattering theory. S 2 0 was obtained from fitting the curve of α-Fe 2 O 3 . The curve fits of 1 wt% Fe-doped TiO 2 was performed in the R range 0.9-3.1 Å for the first nearest Fe-O shell (R eff =1.94 Å) and one second Fe-Ti shell (R eff =3.04 Å). The fitting results are summarized in Table 1 . As seen from Table1, the coordination numbers N of the first-nearest and second-nearest shell are almost the same between 1 wt% Fe-doped TiO 2 In the EXAFS analysis, the consideration of iron ions substituting the Ti ions is based on the similarity of the RSF curve between 1 wt% Fe-doped TiO 2 and the anatase powder. To further verify this point, the following reasons are given. Mössbauer spectra [10] 
CONCLUSIONS
In summary, we have investigated the local structure around iron in anatase TiO 2 by using EXAFS technique. We find that for the sample with low iron content (1 and 2 wt%), the iron ions are incorporated into the lattice of anatase, and substitute the Ti ions. With the iron content increasing to 5 wt%, only part of iron ions enter the lattice of anatase, and the rest form α-Fe 2 O 3 phase. As the iron content reaches 10 wt%, iron ions mainly exist in α-Fe 2 O 3 phase. No oxygen vacancy is detected around iron ions substituting the Ti ions. Iron ions occupying the Ti sites greatly change the symmetry of the first Fe-O shell.
